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1. Introduction 


The immature stages of the cryptostigmatid mite Steganacarus magnus (Nic.) develop 
within the fallen cones of the Scots Pine, Pinus sylvestris L., (WEBB, 1977, 1989). The female 
mite lays deutovia (prelarvae) on the surface of the scales of the cones. These deutovia 
develop rapidly into six-legged larvae which eat into the tissue of the cone scale. The 
following three nymphal instars are passed living within the cone and probably within the 
same scale. The time to develop from larva to adult is about one year, at the end of which 
the mite leaves the scale for a free living existence in the leaf litter. 

Freshly fallen cones have deutovia or their exuviae on their surfaces and the larvae and 
nymphs can be found in the tissues of the scales of slightly older cones. On the oldest cones 
the small exit holes made by the adult mites can be detected and these cones will be found 
to be friable, crumbling to a powder between the fingers. The inside of the scale is packed 
with faecal pellets from the immature mites and it would appear that the activities of these 
mites result in the decomposition of the cones, although an association with micro-organisms 
may be required. However, it has been shown that S. magnus is capable of digesting cellulose 
and other complex polysaccharides (ZINKLER, 1971; Luxton, 1972; WEBB, 1977). 

The fallen cones are the principal resource for the populations of immature Steganacarus 
magnus in coniferous soils, providing both food and space. The seasonal variation in the 
fall of cones may also determine the temporal existence of the population. WEBB and ELMES 
(1979) have suggested that there may be differences in synchrony between populations of 
S. magnus from deciduous and coniferous woodland soils. In deciduous woodlands the fall 
of acorn husks or beech mast, in which the nymphs also develop, shows a distinct seasonal 
pattern, whereas the fall of pine cones, which is caused mainly by wind. has a much less 
pronounced seasonal pattern. The availability of resources to a population of Steganacarus 
magnus will form the subject of a later paper. 

Litter bags have been used to examine the role played by the constituents of the soil 
fauna in the breakdown and decomposition of plant litter (HEATH et al., 1964; Bocock 
and GILBERT, 1957; ANDERSON, 1973). As feeding by immature S. magnus results in the 
breakdown of the cones it was considered that they may have been important agents and 
that in the absence of these mites the cones would decompose differently. This paper 
presents the results of a litter bag experiment in which the decomposition of pine cones 
was monitored both in the presence and with the exclusion of Steganacarus magnus. These 
field experiments extended over three years and groups of fallen cones were placed in bags 
of differing mesh size to prevent colonization by S. magnus. 


2. Methods 


The study site at Morden Bog National Nature Reserve in Dorset, England has been described 
by Wess (1977). The soils are an acidic humus-iron podsol and the vegetation consists of a thin Scots 
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Pine woodland growing on dwarf shrub heathland dominated by Calluna vulgaris (L.) HULL. A large 
number of freshly fallen cones, as alike as possible, was selected by weighing and measuring (length 
x breadth). These cones were weighed in groups of five and placed in plastic netting bags of either 
coarse mesh (2.00 mm) or fine mesh (0.75 mm). The mesh size was chosen to exclude only adult 
Steganacarus magnus. In the adult of this mite the length of the hysterosoma varies from 0.95 mm to 
1.74 mm and has a width and height of about 0.80 mm (WILLMANN, 1931; WEBB, 1978). Because S. 
magnus is one of the largest of the oribatid mites, a mesh size which will just exclude this species will 
be sufficiently large to admit almost all other species of soil micro-arthropods. 

The bags containing the cones were heat-sealed and a sample of ten bags of each mesh size was 
selected, dried at 100 °C for 24 hours and reweighed. From the ratio of wet to dry masses a conversion 
factor was calculated to be applied to the fresh masses of all other bags to calculate their initial dry 
masses. The remaining bags were laid in a square grid on the surface of the pine litter at the study 
site. Each bag was tethered to a short stake. The bags were laid in the field in July 1973. In October 
and November of that year trial bags were examined to monitor the course of decomposition and in 
February 1974 after 252 days in the field a sample of ten was chosen randomly (co-ordinates on the 
grid were chosen from a table of random numbers) and lifted. 

In the laboratory, the bags were allowed to come to a standard temperature of 17 °C. The cones 
were removed and placed in the cells of conductometric soil respirometers (CHAPMAN, 1971). In these 
respirometers carbon dioxide production was measured by absorbing the gas in a solution of 0.05 N 
potassium hydroxide, the quantity of gas being calculated from changes in the conductivity of the 
solution of alkali. Carbon dioxide production was expressed as mg CO, cells~* hour” +; the production 
of this gas was used as an indicator of microbial activity in the cones. 

A sample of five scales was chosen randomly from each cone. removed and dissected. The numbers, 
where present, of the different immature instars of S. magnus were recorded. The remaining parts of 
the cones were then placed in Tullgren funnel extractors and any micro-arthropods extracted and 
counted. Finally. the cones were dried at 100° to determine dry mass loss during decomposition. 

Further samples of ten bags, chosen randomly. were lifted in July 1974 (after 407 days in the 
field). March 1975 (639 days) and May 1976 (1071 days) and treated similarly. ; 


3. Results 
3.1. Dry mass changes 


The bags containing the cones were incorporated into the litter profile during the course 
of the experiment as litter was shed from the trees. At the end of the experiment the bags 
lay between 50 and 80 mm beneath the litter surface. The cones in the coarse mesh bags 
were invaded by Sreganacarus magnus and at the end of the experiment after three years 
in the field were dry and friable and crumbled to pieces. In contrast, the cones in the fine 
mesh bags retained their appearance and physical structure and did not crumble. Overall 
the coarse bags lost 15.24% (+9.32) of their dry mass and the fine bags 21.13% (+ 11.94; 
Table 1). There was no significant difference between these two treatments (F = 2.78: 
P = 0.11) and it must be considered that the exclusion of S. magnus did not affect the 
overall decomposition of the cones. The dry mass loss of the bags showed a significant 
trend with time (F = 5.91; P = 0.002). In the first two sampling periods the dry mass loss 
was 13.63% (+8.08) and 12.15% (+9.16) respectively. Thereafter dry mass loss increased 
to 21.33% (+10.73) at the third sampling period and to 29.24% (+8.76) at the fourth. 


3.2. Carbon dioxide production 


There was no significant difference in the rates of carbon dioxide production from cones 
in either the coarse bags (0.57 + 0.30 mg CO, cell~! hour; table 2). The rate of carbon 
dioxide declined significantly (F = 2.78; P < 0.001) over the sampling periods from a 
mean value of 0.85 + 0.10 mg cell~* hour~’ in the first sampling period, through 
0.46 + 0.26 and 0.67 + 0.06 in the second and third periods respectively to 0.19 + 0.10 
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in the fourth period. Assuming carbon dioxide production to be a measure of microbial 
activity, the exclusion of Steganacarus magnus did not significantly affect overall microbial 
activity. 


Table 1. Relative dry mass (% my) changes in coarse and fine litter bags containing cones of Scots pine. 


Sample Days in Coarse Fine 
the field % mx loss % myx loss 

1 252 30.4 AR 
15.2 9.5 

25.6 7.9 

7.6 12.6 

64 ILS 

2 407 31.7 24.4 
44 8.3 

10.7 13.5 

59 9.3 

24 10.9 

3 639 154 30.5 
10.0 29.9 

129 38.0 

13.8 34.1 

94 19.3 

4 1071 27.6 41.6 
19.6 21.2 

25.3 28.7 

— 40.7 


Table 2. Carbon dioxide production (mg CO, h`!) from cones, exposed in the field in different mesh 
bags during different periods, and then placed under laboratory conditions at 17 °C in respirometer cells. 


Sample Days in Coarse Fine 
the field 
1 252 92 80 
1.03 TL 
86 -90 
77 92 
85 80 
2 407 28 19 
39 15 
-66 -76 
12 66 
72 67 
3 639 -68 -66 
-66 .56 
71 58 
-70 67 
-70 75 
4 1071 43 .19 
ll 23 
08 19 
-= Al 
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3.3. Faunal changes 


Adult Steganacarus magnus were excluded from the fine mesh bags (table 3). The casual 
individuals recorded are thought to have been contamination of the bags during handling 
and are considered not to represent an invasion. After 252 days in the field, 124 adult 
mites (and also 75 larvae) were extracted from the cones and over the course of the experiment 
the number extracted fell. As the experiment progressed the various nymphal stages appeared 
(table 3) until at the fourth sampling only a single tritonymph was recorded. This rate of 
development accords with the details of the life cycle published by Wess (1977, 1989). No 
larval or nymphal stages were recorded from the cones in the fine mesh bags. 


Table 3. The numbers of adult and immature individuals of Stegenacarus magnus recorded on the 
cones in coarse and fine mesh bags. 


Sample Stage Coarse Fine 
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Most of the micro-arthropod species extracted from the cones were cryptostigmatid 
mites, 23 species of Cryptostigmata being recorded. Significantly more species of both 
cryptostigmatid mites and other microarthropods were recorded from the cones in the 
coarse mesh bags than from those in the fine mesh bags (table 4), but there were no 
significant differences in the numbers of individuals recorded between the two treatments. 
There were no significant differences in the numbers of either micro-arthropod species or 
cryptostigmatid species recorded over the course of the experiment. However, there were 
significant differences in the numbers of individuals of both these groups; F = 11.37; 
P < 0.001 for microarthropods and F = 14.70; P < 0.001 for Cryptostigmata. Where there 
were significant differences in the numbers of individuals recorded, the samples collected 
in February or March contained significantly more animals than those collected in July. 
The cryptostigmated mites were assigned to one of the feeding classes, macrophytophage, 
microphytophage or panphytophage (LUxTON, 1972; Table 5). Three macrophytophagous 
species were recorded, Steganacarus magnus, Phthiracarus ligneus WILLMANN and Cepheus 
latus C. L. Kocu; the last two species were not excluded by the small mesh size. The number 
of individuals of these species increased throughout the experiment (table 5). Macrophyto- 
phagous species tend to feed on softer decaying tissues of higher plants, although the 
Phthiracaridae are often associated with decaying wood. 
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Table 4. The numbers of species and individuals of micro-arthropods, Cryptostigmata and feeding 
types of Cryptostigmata recorded from coarse and fine mash bags. 


Coarse Bags Fine Bags E P 
Mean No Mean No 
Total no spp 14.72 + 2.47 7.95 + 3.03 55.29 <0.001 
Micro-arthropod 
Total no inds 101.22 + 70.72 73.26 + 46.64 2.04 NS. 
Micro-arthropods 
Total no spp 9.72 + 2.30 otk 1.91 44.38 <0.001 
Cryptostigmata 
Total no inds 74.78 + 68.79 54.47 + 44.57 1.15 N.S. 
Cryptostigmata 
Total no spp 3.08 + 0.89 2.04 + 1.03 10.70 0.002 
Panphytophages 
Total no spp 2.72 + 1.14 3.04 + 1.21 0.72 N.S. 


Microphytophages 


Table 5. The total number of Cryptostigmata recorded from five pine cones contained within coarse 
(C) and fine (F) mesh bags on four occasions February 1974, July 1974, March 1975 and May 1976. 


Species Feeding C F € F Cc F Ç F 
type 

Brachychthonius sp. Mic 15 70 = - 
Phthiracarus sp. Mac - — 2 3 15 7 1 1 
Nothrus silvestris Nic. Pan - 1 1 1 2 7 = 2 
Camisia segnis (HERM.) Pan 6 a 5 1 boo i — 
Camisia spinifer (C. L. K.) Pan 10 1 = = 20 — -= = 
Platynothrus peltifer (C. L. K.) Pan = = 4 l — = — 
Nanhermannia elegantula BERL. Pan 5 1 — 10 3 31 3 1 
Hermanniella picea (C. L. K.) Pan 41 -+— 53 = 113 9 - 
Neoliodes theleproctus (HERM.) Pan 1 — 2 = 
Damaeus onustus C. L. K. Mic 4 12 4 

Malaconothrus globiger TRAGARDH Pan 10 21 = - — = — — 
Ceratoppia bipilis (HERM.) Mic 6 8 9 2 
Carabodes marginatus (MIcH.) Pan — — - 1 I — 1 — 
Carabodes minusculus BERL. Pan L - - 1 — -= 2 — 
Odontocepheus elongatus (MICH.) Pan 4 1 1 0 89 36 —- -= 
Cepheus latus C. L. K. Mac - - 6 2 5 = = - 
Tectocepheus velatus (MICH.) Mic 58 46 10 28 3 Mi A 72 
Oppia nova (OupMs) Mic 8 18 3 13 41 274 67 77 
Parachipteria coleoptrata (L.) Pan = - = = 1 - 4 3 
Ceratozetes gracilis (MICH.) Pan 8 - 7 2 28 1 2 - 
Chamobates schiitzi (OUDMS) Pan 7 3 6 24 43 28 {i 20 
Oribatula tibialis (Nic.) Pan 6 2 = = 8 1 o—- - 


Abbreviations: MAC = Macrophytophaga; MIC = Microphytophaga; PAN = Panphytophaga. 


There was no significant difference in the number of species of microphytophages (five 
species overall) between the two treatments but there was a significantly greater number 
of species of panphytophages (15 species overall) on the cones in the coarse mesh bags 
(table 4). Significant differences were evident for both the number of species of micro- 
arthropod and the number of species of Cryptostigmata (F = 6.98; P < 0.001 and F = 5.45; 
P <0.004 respectively) during the course of the experiment. Again, samples collected in 
February and March were significantly different from those collected in July. 
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4. Discussion 


Steganacarus magnus has long been known to be associated with decaying wood and 
leaves, the mites burrowing into the tissues and often leaving the spaces they create filled 
with faecal pellets (HAYES, 1963; LUXTON, 1972: HARDING & SruTTGARD, 1974). These 
observation(refer mainly to the adult mites which are free living in the litter; however, 
hardly ioe cco existed on the habitat of the immature stages until the detailed 
observations of WEBB (1977). This work has showed that in a population of Sreganacarus 
magnus living in an acidic heathland soil, the larval and nymphal stages fed within the 
tissues of the scales of the fallen cones of Scots Pine, Pinus sylvestris, (WEBB, 1977 & 1989). 
After completion of the immature stages, the physical structure of the cone had changed 
appreciably. The whole cone became friable. the interiors of the scales were filled with 
faecal pellets and eventually the cone disintegrated. With such striking physical changes 
to the cones, it seems reasonable to postulate that S. magnus performs an important role 
in their breakdown, if not their decomposition. The physical changes caused by the activities 
of the immature mites create a variety of new substrates for microbial activity. The faecal 
pellets are likely to provide such substrates since in the course of digestion the complex 
plant polysaccharides of the scale tissues will have been converted to simpler sugars during 
the passage through the mite guts (ZINKLER. 1971: LuxTon, 1972; WEBB, 1977). Steganacarus 
magnus is a primary decomposer, consuming decaying plant material which results in its 
comminution. a 
Litter bags are not an ideal method for isolating the contributions of the various 
components of the soil fauna and micro-flora to the breakdown and decomposition of 
plant litter. The method assumes that the micro-climatic condition of the litter in bags of 
varying meshes is comparable to that experienced by unrestricted litter. ANDERSON (1973) 
considered this to be a valid assumption although breakdown rates of the litter were not 
reproduced in the bags and the litter retained characteristics of litter in the upper layers. 
In an agricultural system there were no differences in the rates of decomposition recorded 
from bags of varying mesh size, but litter in small mesh bags was insensitive to changes 
in moisture (HOUSE & STEINER. 1987). In the current study a somewhat different question 
was posed, namely the role of the immature stages of Steganacarus magnus and the mesh 
size of the bags was chosen to exclude only the adults of this species in order to prevent 
them depositing prelarvae on the cone scales. Steganacarus magnus is a large species and 
few if any other species occurring in the fauna of the study soils would have been excluded. 
The cones in the coarse mesh bags appeared to break down in a way comparable to that in 
other experiments and to that recorded in field observations. Cones in the fine mesh bags 
may have been subjected to somewhat different conditions of moisture and microclimate, 
but it was considered that differences in their breakdown rates and colonisation by other 
species was not significantly affected. 

The cones in the coarse mesh bags followed the typical pattern of breakdown in the 
presence of S. magnus, whereas the cones in the fine mesh bags retained much of their 
physical structure until the end of the experiment. It was surprising that there were no 
significant differences in the dry mass losses recorded for the two treatments. However. it 
is possible that cones broken down by S. magnus whilst undisturbed in the litter lose mass 
at the same rate as cones without S. magnus, but lacking the comminution caused by the 
feeding activities of the mites. Physical disturbance of these cones in the litter leads to their 
disintegration and hence a sudden loss of weight. Physical break down in this way may not 
occur for cones when S. magnus is absent. 

ANDERSON (1973) recognised that there were four stages in the mineralisation of leaf 
litter: leaching, abiotic breakdown due to fragmentation, biotic breakdown due to the 
feeding activities of soil animals and decomposition by micro-organisms. ANDERSON (1973) 
showed that up to 75% of the loss in dry mass of chestnut (Castanea sativa MILL.) leaves 
was due to leaching and that micro-organisms made a small contribution to this loss. In 
the current study, the cones in the fine mesh bags may have lost mass due to leaching and, 
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to a lesser extent, to the activities of micro-organisms, at a rate roughly equivalent to the 
losses due to the activities of the immature Steganacarus magnus. In the latter case the 
cones were comminuted by the immature mites, a process largely complete after 1071 days 
in the field and the cones would have then disappeared rapidly as a result of abiotic 
breakdown. The cones in the fine bags would have lost a similar amount of dry mass over 
the same period, mainly through leaching but would then decompose biotically and through 
the activities of micro-organisms over a much longer period. 

Likewise, it is surprising that no significant differences were detected between the rates 
of carbon dioxide production from cones in the two treatments. Although the physical 
changes caused by the mites are likely to create different substrates for microbial activity, 
the mites will also compete with micro-organisms. Hence, cones in the fine mesh bags must 
be considered to decompose largely through microbial activity at a similar rate to cones 
invaded by S. magnus. The presence of S. magnus in the cones may suppress the development 
of micro-organisms and the cones break down as a result of the activities of the mite. When 
the mites are absent microbial decomposition occurs. Without a detailed study of the 
microbial successions in decomposing cones with and without S. magnus further conclusions 
are not possible. The decline in carbon dioxide production by the cones during the course 
of the experiment is consistent with the increasing loss of dry matter and hence represent 
a decline in microbial activity as substrates are exhausted. 

The numbers of micro-arthropds extracted from the cones showed a distinct seasonal 
pattern with the bags sampled in February and March having larger numbers than those 
in the summer. This reflects the known patterns of activity and distribution of these animals 
(WALLWORK, 1970). Cones of alder (Alnus glutinosa L.) have been shown to be an important 
micro-habitat for Cryptostigmata (HAMMER 1972) who reported a fauna of some 30 species 
with up to 19 species being recorded on a sampling occasion. However, there was no 
evidence that these mites were responsible for the breakdown of the cones. By comparison 
a fauna of 23 species of Cryptostigmata was recorded in the current study of pine cones 
with up to 18 species being recorded on a sampling occasion. No species were exclusive 
to the cones and all of the species recorded occurred in the litter at the study site (WEBB, 1971). 
Developing the classification of SCHUSTER (1956), LuxTon (1972) recognised three 
principal feeding classes amongst the Cryptostigmata. Macrophytophages were species 
which fed on the decaying parts of higher plants but do not elect to browse on microbial 
growth. These species can be further subdivided into phyllophages -feeding on decaying 
leaves — and xylophages — feeding on decaying wood, Phthiracarids such as Steganacarus 
magnus fall into this latter class. LUXTON (1972) considers that the plant tissue should be 
somewhat softened and decayed by fungi before these mites eat it. Frequently the feeding 
activities of macrophytophages leads to the comminution of the decaying plant tissue. 
Microphytophages are those species which feed on fungi, yeasts, bacteria and algae; their 
activities never result in the comminution of the plant tissues. Panphytophages comprise 
most cryptostigmatid mites and eat a broad spectrum of food, ingesting decaying plant 
tissues infected with micro-organisms. 

Besides the subject species, Steganacarus magnus, only two other macrophytophagés 
were recorded. Both occurred in small numbers and also did not contribute significantly 
to the breakdown of the cones. Microphytophages did not differ significantly between the 
two treatments suggesting that a comparable range of micro-organisms. on which they 
browse, infected both types of cone. Interestingly. the microbial activity of the cones, as 
assessed by carbon dioxide production, was not significantly different between the two 
treatments and hence a comparable crop of micro-organisms was probably available to 
the microphytophages. 

In contrast, there were significant differences in the numbers of species of panphyto- 
phages between the two treatments. A greater number of species of panphytophage was 
present in the coarse mesh bags. The range of food material suitable for these mites is 
probably greater on cones in which S. magnus have been active. Steganacarus magnus will 
have converted complex plant polysaccharides to simpler sugars which have stimulated the 
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growth of a crop of micro-organisms on which the panphytophages can browse. The cones 
within the fine mesh bags will not have been processed to the same extent and hence provide 
a poorer food resource for the panphytophages. 

To summarise it appears that over the period of the experiment no significant differences 
were recorded in the overall rate of breakdown of the cones with and without immature 
stages of Steganacarus magnus. It is thought that cones from which S. magnus is excluded 
will continue to decompose mainly as a result of microbial activity although at first leaching 
may be important. Cones containing S. magnus are comminuted by the feeding of the 
immature stages and after the completion of the development of the mite, disintegrate, the 
fine material which is generated providing substrates for micro-organisms and pan- and 
micro- phytophagous mites. 
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